We measured zinc in the plasma of 50 normal persons, and in erythrocytes of six, by an automated micromethod of atomic absorption spectrometry. Using a rotation viscometer, we measured the viscosity and flow behavior of plasma, undiluted and equi-volume diluted (with water), from 12 patients, and, for comparison, of two-to 20-fold dilutions of an 870 mL/L glycerol solution. Erythrocytes were washed three times, lyophilized, and wet-ashed in a pressure decomposition device. The mean viscosity of equi-volume diluted plasma is about the same as that of the glycerol solution diluted 7.5-fold. The observed concentration of zinc in normal plasma was 13.8 (SD 1.9) 1imol/L, with intra-assay CV (n=30) of 2%, day-to-day CV (n=22) 3.8%, and accuracy (measurement of an aqueous std.) 2.5%. The mean normal value for erythrocyte zinc was 34.7 Lg/g, with intra-assay CV (n=8) 5%, day-to-day CV (n=6) 5.9%, and accuracy 4.6%. Our results compare well with those by neutron activation analysis, the differences in values being 3% for plasma, 1% for erythrocytes.
can be achieved with AAS only if sources of error peculiar to this method are taken into account.
The major disadvantage of conventional AAS is the need for a relatively large sample volume: 0.5-1 mL of serum or plasma for each determination. An automated micromethod of AAS that obviates this objection (1) has been available for some time as an alternative. It is especially advantageous in analysis for trace metals when the sample volume is limited-e.g., in dialysis patients-because only 100 j.&Lof sample suffices (2). Plasma zinc is determined in a sample diluted with an equal volume of demineralized water (1). Because blood plasma is relatively viscous, results for such samples cannot be accurately compared with those for aqueous calibration solutions. In fact, the most substantial measuring error in AAS is ascribable to differences in viscosity between samples and standard (3). To correct for this, it is therefore necessary to add some relatively viscous substance such as glycerol (4) to the calibration solutions. Because no data on the micromethod have been reported, we investigated such procedural correction for viscosity.
The current method for determining erythrocyte zinc concentration is a direct measurement, after lysis and dilution of the erythrocytes with demineralized water (5) or Section of Nephrology,Department of Internal Medicine I, University of Ulm, SteinhOvelstrasse 1, 7900 Ulm, F.R.G.
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other lysing agents such as Triton X-100 surfactant (6).
Owing to the inhomogeneity of sample fluids, a measuring error may occur. Gorsucht 
MaterIals and Methods

Sampling and Preparation of Samples
We examined heparinized plasma from 50 and erythrocytes from six fasting normal persons. The blood was sampled, with use of a silicone-coated cannula, into a lithium-heparinate "Monovette" sample-collection tube (Sarstedt Co., Hamburg, F.R.G.). After each blood sample was promptly mixed thoroughly and centrifuged, 1-mL portions of the plasma were transferred into polyethylene centriftige vessels that had been cleaned with purest HNO3, previously distilled at the subboiling point. These aliquots were stored at -20 #{176}C until assayed. Any plasma adhering to the erythrocytes was removed by washing them three times in physiological saline. They then were lyophilized in polyethylene tubes, which were sealed with polyethylene stoppers and also stored at -20 #{176}C until the determination.
Hemolytic samples were discarded. All glass and plastic vessels were washed in and rinsed three times with dentineralized water after soaking in the purified nitric acid. On each day of analysis we tested the demineralized water for any contamination with zinc.
Apparatus
To determine zinc, we used the Model 4000 Atomic
Corp., Norwalk, CT 06856) with single-slit burner and deuterium background corrector. Instrument settings were in accord with the supplier-specified conditions for zinc: wavelength, 214 nm; spectral band pass, 0.7 nm; lamp current (zinc monoelement concave cathode lamp), 15 mA; acetylene/air 15/25 by vol). The Automatic Sample Dispenser (Perkin-Elmer, Model AS3) was used. It injected 100 ML of the test solution into a small Teflon funnel, whence it was aspirated by the nebulizer via a short capillary tube at a rate of 4 to 7 mL/ mm. Each sample-dispensing process was followed by a rinse with 600 ML of demineralized water.
Integration time was 3 s. The results were evaluated from the electronic peak-height recording, the analysis results being printed out in units of concentration by the printer (Printer PRS 10, Perkin-Elmer).
Standard Solutions
Standard dilutions were made freshly each day from a standard stock solution containing 1 g of zinc (Titrisol 9953; Merck Co., Darmstadt, F.R.G.) and 10 mL of 32% HC1 (Merck Co., Darmstadt), to improve stability, that had been diluted to 1 L with demineralized water. This solution was stored in a polyethylene bottle. We matched the viscosity of these standard solutions to the viscosity of the diluted plasma by adding an appropriate amount of an 870 mL/L aqueous solution of glycerol (cat. no. 4094; Merck, Darmstadt). To determine this, we measured the viscosity of plasma from 12 subjects, undiluted and diluted with an equal volume of demineralized water containing 10 mL of acid per liter, and compared this with the viscosity of two-to 20-fold dilutions of the 87% glycerol solution.
Zinc in Plasma
On each day of analysis, the absorbance of a 0.5 mg/L zinc solution was optimized to 0.0015 and a standard curve was Each sample was measured three times, and the mean value and CV (not as a statistical parameter but as an inrun control) were calculated. When the CV exceeded 3%, the determination was repeated. To compensate for the gradual baseline drift that occurs when many samples are being analyzed, we re-determined blank and standard solution and re-aligned after each five samples, and verified the accuracy. All measurements were carried out with a background compensation, to compensate for differences in nonspecific loss of light (for example, differences in apparent absorption by matrix) between samples and standards. Table 1 ). The measuring ranges were selected according to the expected viscosity, so as to achieve the appropriate optimum measuring sensitivity (Table 1 ). All determinations were made at a controlled sample temperature of 20#{176}C. Viscosity was calculated according to Newton: 
where M is the shear factor, %D is the allowed value for the velocity gradient, and 5D is the selected point on the x-axis. For calculation of shear stress (r):
where A is the shear factor, %r is the allowed value of shear stress, and 5r is the value measured on the y-axis of the recorded flow curve.
For example, in the calculation of viscosity, curve 1 of 'Correspondsto momentof rotation(max.momentof rotation: 0.1 N . cm = 100%). Scale: graph paper graduated. Dynamic Viscosity
The flow curve r vs D describes the flow behavior of the tested fluids. Plasma, and dilutions of it, and standard solutions all show newtonian flow behavior, e.g., linear behavior in the measuring range (Figures 1, 2) . The viscosity of newtonian substances is a material constant, independent of the velocity gradient. Table 2 
The specificity was checked by use of the method of standard additions.
The analytical recovery (n= 10) averaged 10 1.2% for an added 0.5 g of zinc and 98.8% for an added 1 .tg of zinc. 
Zinc in Erythrocytes
For verification of precisionand accuracy,we used NBS Reference Standard no. 1577 (bovine liver), decomposing it analogously to the erythrocytes.
The intra-assay CV (n=8) was 5%, the day-to-day CV (n=6), 5.9%. The mean for 14 measurements was 124 (SD 8) g/g (percent accuracy: 4.6%), in the range 130 ± 10 g/g, only slightly lower than the 127 (SD 9) tg/g zinc value as determined by NAA (10). 
Discussion
A substantial improvement in trace-element analysis by AAS is the ability to directly determine these analytes in samples of plasma and erythrocytes, because of the lessened risk of sample contamination.
However, for the protein viscosity effect to be obviated when the plasma sample is aspirated, the sample must be either highly diluted or the viscosity of the standard solutions must be matched to that of the plasma samples, by adding highly viscous substances.
Earlier experiments with diluted samples showed that with a ninefold plasma dilution the proteins still had a substantial effect on sample viscosity (4), whereas with a 20-fold dilution the precision of the measurement and the detection limit both deteriorated markedly (11). In contrast, Comparative measurements of standard curves prepared by use of aqueous and 10% glycerol standards showed that concentration values were respectively 9% decreased and 4% increased (4), confirming the importance of precise matching of viscosity of sample and standard.
Our own studies showed that with equivolume diluted plasma samples-as used with the micromethod-the diluent for zinc standard solutions must be a 116 mL/L glycerol solution (7.5-fold dilution of 87% glycerol). With this, viscosity and aspiration rate of sample and standard are identical, and they will be aspirated in the same way. That there was no interference was shown by the comparison of measured values determined with a glycerol calibration curve by the standard-addition procedure ( Figure 4) . Calibration by use of these standards is thus valid. The normal value for plasma zinc as determined by this method was 13. We conclude that the method described here for determining the zinc concentration in plasma and erythrocytes provides results that are essentially the same as those obtained by NAA.
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